Abstract Aims/hypothesis: Adiponectin is an adipocytederived hormone that plays a critical role in the development of type 2 diabetes via interaction with adiponectin receptors 1 (ADIPOR1) and 2 (ADIPOR2). Rosiglitazone is a peroxisome proliferator-activated receptor-γ (PPARG) agonist that is widely used in the treatment of type 2 diabetes. We hypothesised that rosiglitazone regulates lipid and glucose metabolism through modulation of the expression of adiponectin receptors in the liver. Methods: The expression of ADIPOR1 and ADIPOR2 was analysed in HepG2 hepatocytes. The promoters of adiponectin receptors were isolated and used to analyse the transcriptional regulation. The expression of adiponectin receptors in the liver was determined in mice treated with rosiglitazone. Results: Rosiglitazone elevated the mRNA and protein levels of ADIPOR2 and stimulated ADIPOR2 promoter in HepG2 cells. Analysis with the ADIPOR2 promoter revealed a putative rosiglitazone-responsive region that contained a glucocorticoid receptor (GR)-binding element. The GR agonist dexamethasone synergised with rosiglitazone to stimulate the ADIPOR2 promoter wheras the GR antagonist RU486 abolished this stimulation. Treatment of mice with rosiglitazone elevated the expression of ADIPOR2 in the liver. Conclusions/interpretation: This study indicates that rosiglitazone can elevate the expression of ADIPOR2 in hepatocytes. Our data also suggest that the PPARG agonist rosiglitazone can interact functionally with a GR element in the ADIPOR2 promoter to mediate stimulation of transcription. This study thus reveals a new paradigm underlying the therapeutic effect of PPARG activators in the treatment of type 2 diabetes.
Introduction
Adiponectin is an adipocyte-derived hormone that plays a critical role in the development of type 2 diabetes, which is characterised by hyperglycaemia, insulin resistance and relative impairment of insulin secretion [1, 2] . Adiponectin is a 30-kDa protein that contains a short central collagenous region and a C-terminal TNF-α-like domain [3] [4] [5] [6] . It circulates in the blood at a high concentration (around 10 μg/ml) as both hexamers and high-molecular-weight oligomers [7] . Adiponectin regulates lipid and glucose metabolism through increases of fatty acid oxidation and glucose uptake, and through a decrease of hepatic gluconeogenesis [1] . In humans, low serum concentrations of adiponectin are associated with insulin resistance, hyperinsulinaemia and an increased risk of type 2 diabetes [8, 9] . In addition, adiponectin administration is able to decrease the degree of insulin resistance in obese or lipoatrophic mice [10] . The anti-diabetic effect of adiponectin is further supported by the finding that deletion of adiponectin was associated with increased TNF-α concentration in plasma and adipocytes, contributing to severe diet-induced insulin resistance [11] .
Adiponectin exerts its biological effect by interacting with adiponectin receptors. Two of these, adiponectin receptors 1 and 2 (ADIPOR1, ADIPOR2), have been cloned and both contain a seven transmembrane motif that is different from classical G-protein-coupled receptors in topology [12] . The expression patterns of the two adiponectin receptors are distinct in the embryo and the adult [12, 13] . ADIPOR1 is ubiquitously expressed with a relatively high level in skeletal muscle. ADIPOR2 is predominantly expressed in the liver. Activation of both ADIPOR1 and ADIPOR2 by adiponectin binding is able to stimulate the activities of AMP kinase, a central regulator of intracellular energy metabolism, and such regulation is associated with an increment of fatty acid oxidation and glucose uptake [12] . In addition to ADIPOR1 and ADIPOR2, T-cadherin was recently reported as a receptor for the hexameric and high-molecular-weight species of adiponectin but not for the trimeric or globular species [14] .
The peroxisome proliferator-activated receptors (PPARs) belong to a subfamily of nuclear receptors composed of three isoforms, PPARG, PPARA and PPARD [15] [16] [17] . PPARs are nutrient sensors that regulate the homeostasis of metabolism. Upon ligand binding, PPARs form heterodimers with retinoid X receptor (RXR) and then bind to PPAR-responsive elements in the regulatory region of target genes. Thiazolidinediones (TZDs) are a group of PPARG agonists that are widely used in the treatment of type 2 diabetes [18, 19] . Rosiglitazone, a representative TZD, is active in vivo as an anti-diabetic agent in the ob/ob mouse model, and has been used as an oral hypoglycaemic agent in the treatment of type 2 diabetes in humans for many years [20] . The insulin-sensitising activities of PPARG agonists are associated with their ability to decrease the circulating levels of free fatty acids via inhibition of adipocyte lipolysis, as well as regulation of proteins that modulate insulin sensitivity and lipid metabolism [15] [16] [17] . Interestingly, PPARG functionally interacts with adiponectin in the regulation of energy metabolism. Adiponectin may mediate the insulin-sensitising effect of TZDs in the liver. The administration of TZDs causes an increase in the serum adiponectin concentrations without affecting body weight in subjects with insulin resistance [21] , indicating that adiponectin may function as an early marker of PPARG agonist in the treatment of type 2 diabetes.
To reveal the potential regulation of adiponectin receptors by PPARG agonists in the liver, we analysed the transcriptional regulation of both ADIPOR1 and ADIPOR2. We found that ADIPOR1 and ADIPOR2 are differently regulated by the PPARG agonist rosiglitazone in hepatocytes, indicating that PPARG may modulate glucose and lipid metabolism through the regulation of adiponectin receptors.
Subjects, materials and methods

Materials and cell culture
The human hepatoma cells HepG2 were grown in DMEM supplemented with 10% heat-inactivated fetal bovine serum, 100 μg/ml streptomycin, and 100 units/ml penicillin. Rosiglitazone was purchased from Cayman Chemical (Ann Arbor, MI, USA). Dexamethasone and RU486 were purchased from Sigma (St Louis, MO, USA).
RNA isolation and reverse transcription PCR (RT-PCR)
Total RNA prepared from HepG2 cells or mouse liver was reverse-transcribed with oligo(dT) primer using a SuperScript first-strand synthesis system (Invitrogen, Carlsbad, CA, USA) to generate the first-strand cDNA, followed by PCR to detect the expression of ADIPOR1, ADIPOR2 and glyceraldehyde-3-phosphate dehydrogenase (G3PDH). The sequences of the PCR primers are as follows: 5′-TGCCCTCCTTTCGGGCTTGC-3′ and 5′-GCCTTGAC AAAGCCCTCAGCGATAG-3′ for human ADIPOR1; 5′-GTGTATTCTTCCTGTGCCTGG-3′ and 5′-CCACTGGG AGACTATAATGGC-3′ for human ADIPOR2; 5′-CAAC GACTACCTGCTACA-3′ and 5′-CCCTCAGCGATAG TAAAG-3′ for mouse Adipor1; 5′-TCCTATGCCTTCC TTTCG-3′ and 5′-CCAGCC TATCTGCCCTAT-3′ for mouse Adipor2. The amplification conditions were as follows: one cycle of denaturing at 94°C for 5 min, annealing at 60°C for 1 min, and extension at 72°C for 1 min. This was followed by 21-31 cycles of PCR. The reaction products were separated on 2% agarose gel and stained with ethidium bromide.
Western blotting analysis
HepG2 cells were lysed with 1× SDS-PAGE loading buffer. The protein was transferred to poly(vinylidene difluoride) (PVDF) membrane that was blocked with 5% non-fat dry milk in a buffer containing 10 mmol/l Tris (pH 7.6), 0.9% NaCl and 0.1% Tween-20. The membrane was then probed with an antibody specific for ADIPOR2 (Alpha Diagnostic, San Antonio, TX, USA) or α-tubulin (Biomeda, Foster City, CA, USA) followed by anti-mouse HRP (for α-tubulin) or anti-rabbit HRP (for ADIPOR2); detection was by enhanced chemiluminescence (ECL; Pierce, Rockford, IL, USA).
Isolation of adiponectin receptor promoters
The ∼3.0 kb human ADIPOR1 promoter and the ∼2.0 kb human ADIPOR2 promoter were cloned by PCR with the human genomic DNA as template and using the primers as follows:
5′-TGCTGTTTCTGGGGCTTCTGAGAGA-3′ and 5′-CGGTCCCCCGCGCTACATC-3′ for ADIPOR1, and 5′-AGCACACGGTGAACTGTTCCAGAGG-3′ and 5′-ACTTCTTGGGAGCCACCGCTGAG-3′ for ADIPOR2. The PCR fragments were first cloned into the pBluescript KS+; they were confirmed by DNA sequencing and then subcloned into the pGL3-Basic luciferase vector (Promega, Madison WI, USA). All deletion constructs of the promoter were generated by PCR, followed by subcloning into the pGL3-Basic vector for luciferase assay.
Luciferase assay HepG2 cells were seeded in 24-well plates at a density of 2×10 5 cells/ml. After culturing for 16-24 h, the cells were switched to fresh DMEM without serum and transfected with plasmids using the polyethylenimine (PEI) method [22] with PEI at a molecular weight of 25,000 (Polysciences, Warrington, Philadelphia, PA, USA). A renilla luciferase vector, phRL-SV40 (Promega), was co-transfected to monitor transfection efficiency. Twenty-four hours later, the culture medium was replaced with fresh DMEM containing different drugs. After treatment for 24 h, the cells were harvested by lysis with PBS containing 0.1% Triton X-100 and 1 mmol/l phenylmethylsulfonyl fluoride (PMSF). Ten microlitres of the lysate was used in the dualluciferase assay using a method previously described [23] . The samples were counted for 10 s with a luminometer (Berthold, Bad Wildbad, Germany). The luciferase activity was normalised to the renilla luciferase activity and triplicate transfections were carried out for each treatment. At least three separate transfection experiments were performed for each assay. Student's t-test was used to analyse the luciferase data by comparing the untreated and treated samples.
Animal studies
Five-week-old C57BL/6 mice (SLAC, Shanghai, China) were housed two or three mice per cage and allowed free access to standard rodent chow and water. The animals were dosed daily by gavage with either PBS (as control) or rosiglitazone (Avandia, GlaxoSmithKline, Brentford, Middlesex, UK) at 30 mg·kg
. Mice were killed after 10 days of treatment and the livers were dissected and used for the experiment.
Results
PPARG agonist is able to elevate the ADIPOR2 mRNA and protein levels in HepG2 cells
First, the effect of the PPARG agonist on the regulation of adiponectin receptors was analysed in a human hepatoma cell line, HepG2 cells [24] . HepG2 cells were treated with either DMSO or the PPARG agonist rosiglitazone. Total RNA was isolated from the cells and used in RT-PCR to analyse the levels of ADIPOR1 and ADIPOR2 mRNA. As shown in Fig. 1a , we were able to detect the expression of both ADIPOR1 and ADIPOR2 in HepG2 cells. Treatment of HepG2 cells with rosiglitazone did not significantly influence the level of ADIPOR1 mRNA. However, rosiglitazone was able to strongly stimulate ADIPOR2 expression. To monitor the relative RNA amounts used in the experiment, the same RNA samples were also used in PCR with primers specific for the housekeeping gene, G3PDH. As shown in Fig. 1a , the G3PDH levels were consistent among the samples. In addition, the protein level of ADIPOR2 was analysed in the HepG2 cells using a specific antibody. As shown in Fig. 1b , rosiglitazone treatment in HepG2 cells was also able to elevate the protein level of ADIPOR2 in a dose-dependent manner, but not the level of the loading control α-tubulin. Therefore, these data provided the first evidence that rosiglitazone is able to selectively upregulate ADIPOR2 expression in HepG2 cells.
Regulation of ADIPOR2 promoter by rosiglitazone
To further analyse the regulation of adiponectin receptors by PPARG agonist at the transcriptional level, we isolated the 5′ regulatory regions of both ADIPOR1 and ADIPOR2, including a ∼3 kb human ADIPOR1 promoter region (−3,133 to −125 bp relative to the translation initiation site) and a ∼2 kb human ADIPOR2 promoter region (−2,171 to −99 bp relative to the translation initiation site). Both of the putative adiponectin promoters were linked to a luciferase reporter and transiently transfected into HepG2 cells. Meanwhile, a renilla luciferase vector driven by SV40 promoter was co-transfected to monitor the transfection efficiency. As shown in Fig. 2a , both promoters exhibited very high basal activities in HepG2 cells when compared with the empty luciferase vector, indicating that the 5′ regulatory regions of ADIPOR1 and ADIPOR2 did contain regulatory elements to drive the expression of both genes in HepG2 cells. When the luciferase construct of the ADIPOR1 promoter was transfected into HepG2 cells, neither rosiglitazone nor growth hormone was able to activate the promoter activity (Fig. 2b) . However, both rosiglitazone and growth hormone were able to elevate ADIPOR2 promoter activity significantly (Fig. 2c) , indicating that the transcription of ADIPOR2 was positively regulated by the PPARG agonist as well as by growth hormone. The effect of growth hormone on ADIPOR2 regulation was also consistent with the observation in 3T3-L1 adipocytes [25] . Furthermore, we found that rosiglitazone was able to increase the transactivation of ADIPOR2 promoter in a dose-dependent fashion. As shown in Fig. 2d , the stimulation of ADIPOR2 promoter by rosiglitazone increased with increasing dose of rosiglitazone. Taken together, these data suggest that the ADIPOR2 promoter is positively regulated by PPARG activator in HepG2 cells.
Identification of a rosiglitazone-responsive region in the ADIPOR2 promoter
In an attempt to identify the region of the human ADIPOR2 promoter responsive to the stimulatory effect of rosiglitazone, we generated a series of deletion constructs of the ADIPOR2 promoter and fused them to the luciferase reporter. Those deletion constructs were then transfected into HepG2 cells for the luciferase assay. As shown in Fig. 3 , rosiglitazone treatment was significantly stimulated the promoter (R2, the ∼2 kb ADIPOR2 promoter; and the ΔA to ΔE constructs) until it was shortened to −401 bp upstream of the translation initiation site (ΔF construct). A further deletion of the promoter also led to loss of the stimulatory effect of rosiglitazone (ΔG construct). These data suggest that the promoter sequences between −451 bp (the ΔE construct) and −401 bp (the ΔF construct) contain a critical regulatory site(s) that enables the promoter to be responsive to rosiglitazone in HepG2 cells.
To further characterise the rosiglitazone-responsive region of the human ADIPOR2 promoter, we analysed a few more deletion mutants of the promoter, from −451 to −431 bp relative to the translation initiation site. As shown in Fig. 4a , we found that both the −451 bp (ΔE) and −446 bp (ΔH) constructs were responsive to rosiglitazone stimulation. However, the deletion constructs −441 bp (ΔI), −436 bp (ΔJ) and −431 bp (ΔK) lost the ability to mediate rosiglitazone activation of the promoter (Fig. 4a) . Taken together, these results indicated that the sequence between −446 and −441 bp was critical for the stimulatory activity of rosiglitazone. Fig. 2 Regulation of ADIPOR1 and ADIPOR2 promoters. a The luciferase vector control or the human ADIPOR1 (R1) and ADIPOR2 (R2) promoter luciferase constructs were transiently transfected into HepG2 cells. Renilla luciferase vector was used to monitor the transfection efficiency. The whole-cell lysate was used in the dual-luciferase assay 48 h after transfection. The fold change of luciferase activity is shown as mean±SD. b The effect of rosiglitazone (R) and growth hormone (GH) on ADIPOR1 promoterluciferase reporter. HepG2 cells were transfected with the ADI-POR1-luciferase construct and treated with 100 nmol/l rosiglitazone or 500 ng/ml GH for 24 h before luciferase assay. c The same experiment as in (b) was performed with the ADIPOR2 luciferase plasmid. d Effect of different concentrations of rosiglitazone on ADIPOR2 promoter activity. Student's t-test was performed on the data; *p<0.05; **p<0.01
Functional involvement of a glucocorticoidreceptor-binding site in the ADIPOR2 promoter After the characterisation of the putative rosiglitazoneresponsive region of the ADIPOR2 promoter, we analysed with renilla luciferase vector. Twenty-four hours after transfection, the cells were treated with DMSO as control (blank bars) or 100 nmol/l rosiglitazone (filled bars) for 24 h followed by dual luciferase assay. The fold change of luciferase activity is shown as mean±SD. Student's t-test was performed; **p<0.01 Fig. 4 Identification of a rosiglitazone-responsive region on the ADIPOR2 promoter. a Luciferase assay with different deletion constructs. The left-hand side depicts the length of the promoter constructs with the number indicating the distance of the constructs relative to the translation initiation site. HepG2 cells were transfected with various deletion constructs as indicated. Twenty-four hours after transfection, the cells were treated with DMSO as control (blank bars) or 100 nmol/l rosiglitazone (filled bars) for 24 h followed by dual luciferase assay. The fold change of luciferase activity is shown as mean±SD. Student's t-test was performed with the data; **p<0.01. b The nucleotide sequence contained in these deletion constructs of the promoter; the putative glucocorticoid receptor element is indicated Fig. 5 Effects of GR agonist and antagonist on the ADIPOR2 promoter. a HepG2 cells were transiently transfected with various ADIPOR2 promoter constructs as indicated with the number indicating the length of the constructs relative to the translation initiation site. The cells were then treated with 100 nmol/l rosiglitazone (R) with or without 10 nmol/l dexamethasone (Dex) for 24 h. The data shown here are representative of three independent experiments as fold change±SD. Student's t-test was performed with the data; *p<0.05; **p<0.01. b A similar experiment was performed with treatment of the cells with RU486 (1 μmol/l) and other drugs as indicated the enclosed nucleotide sequence in this responsive region to determine the putative transcription factor binding sites using the TESS program (provided by the Computational Biology and Informatics Laboratory at the University of Pennsylvania Schools of Medicine Engineering and Applied Science at (http://www.cbil.upenn.edu). As a result, we found a consensus glucocorticoid receptor (GR) binding element in this region (Fig. 4b) , instead of a classical PPAR-responsive element [15] [16] [17] . It is significant that the human ADIPOR1 promoter did not contain such a GR element in the corresponding region. It has previously been reported that the PPARG agonist has an effect on GR-mediated gene transcription through interaction between PPARG and GR [26] . Therefore, we hypothesised that such an interaction might be implicated in the stimulatory effect of rosiglitazone on the ADIPOR2 receptor. To address this hypothesis, we investigated the combined effect of rosiglitazone and dexamethasone (Dex, a ligand for GR) on the transactivation of the ADIPOR2 promoter. As shown in Fig. 5a , rosiglitazone treatment stimulated various ADIPOR2 promoter constructs (R2, the ∼2 kb promoter; ΔE and ΔH deletion constructs). Interestingly, treatment with Dex was able to activate the promoter activity with these constructs further, indicating a synergistic or additive effect between rosiglitazone and Dex. As expected, the ΔI promoter construct that lost the putative GR site was no longer responsive to the stimulatory effect of rosiglitazone or to the synergistic effect of Dex. We also analysed the effect of a GR antagonist RU486 on the stimulation of ADIPOR2 transcription by rosiglitazone. As shown in Fig. 5b, RU486 or Dex alone had no obvious effect on the promoter activities of either full-length or ΔH promoter constructs. However, RU486 was able to abrogate the stimulatory effect of rosiglitazone on the ADIPOR2 promoter. Taken together, these data suggest that rosiglitazone stimulation on ADIPOR2 transcription is probably mediated by the GR element located in the rosiglitazone-responsive region of the promoter.
Rosiglitazone is able to stimulate ADIPOR2 expression in mouse liver
We also investigated the in vivo effect of the PPARG agonist on ADIPOR2 expression in the liver. C57BL/6 mice were randomly divided into two groups and were treated with either PBS or rosiglitazone for 10 days. The livers of the animals were used in RT-PCR to determine the levels of mRNA for ADIPOR1 and ADIPOR2 in comparison with that of the housekeeping gene G3PDH. As shown in Fig. 6 , rosiglitazone treatment had no effect on the level of ADIPOR1 mRNA. However, it was able to significantly elevate the expression of ADIPOR2. Therefore, these experiments provided additional evidence that the PPARG agonist is able to positively regulate ADIPOR2 expression in liver cells.
Discussion
In this study, we analysed the transcriptional regulation of adiponectin receptors ADIPOR1 and ADIPOR2 in HepG2 hepatoma cells and mouse livers. We found that the PPARG agonist rosiglitazone was able to elevate both the mRNA and protein levels, as well as to stimulate the promoter activity of ADIPOR2 but not ADIPOR1 in HepG2 cells. In addition, treatment of mice with rosiglitazone stimulated ADIPOR2 expression in the liver. Detailed molecular analyses demonstrated a putative rosiglitazone-responsive region in the ADIPOR2 promoter. Interestingly, this rosiglitazone-responsive region does not contain a classical consensus PPAR-binding sequence. Instead, it is composed of a GR-binding element. Consistently, the GR agonist dexamethasone was able to synergise with rosiglitazone to stimulate the ADIPOR2 promoter. Therefore, these studies suggest that the PPARG agonist is able to functionally interact with the GR element in the ADIPOR2 promoter to mediate the stimulatory activity of rosiglitazone on gene transcription.
Our study indicates a new therapeutic action of PPARG in the amelioration of insulin resistance in type 2 diabetes. It has been reported that administration of TZDs increased serum adiponectin concentrations without affecting body weight in subjects with insulin resistance [21] . Our studies demonstrated that the PPARG agonist causes an increase in Fig. 6 Effect of rosiglitazone on the expression of adiponectin receptors in mouse liver. C57BL/6 mice were treated with PBS control (n=5, three females, two males) or rosiglitazone (n=6, three females, three males) for 10 days. Mouse livers were used in RT-PCR to determine the mRNA levels of ADIPOR1, ADIPOR2 and G3PDH. The PCR results were scanned (a) and the intensity of each band was quantified. The relative value of ADIPOR1 (b) and ADIPOR2 (c) for each sample was compared with that of G3PDH and shown as mean±SD. C, control; R, rosiglitazone treatment. Student's t-test was performed; **p<0.01 ADIPOR2 transcription in liver cells and this effect is expected to enhance the biological activities of adiponectin in the liver. Therefore, the stimulation of both adiponectin and ADIPOR2 expression by TZDs may have a synergistic effect on the modulation of glucose and lipid metabolism by these drugs in the treatment of type 2 diabetes.
In humans, the expression and regulation of adiponectin receptors are associated with type 2 diabetes. In a study of a Mexican-American population, the expression levels of ADIPOR1 and ADIPOR2 in skeletal muscles and the plasma adiponectin concentration were lower in people with a family history of type 2 diabetes than in those without the family history [27] . This is consistent with the fact that the expression levels of both adiponectin receptors in human skeletal muscle cells were related to distinct in vivo parameters of glucose and lipid metabolism [28] . Genetic studies in an Old-Order Amish population also revealed that genetic variations in both adiponectin receptors, including the 5′ promoter regions, are associated with type 2 diabetes [29] . In addition, rosiglitazone treatment of type 2 diabetes patients is associated with an increase of ADIPOR1 level in adipose tissues and a decrease of ADIPOR1 in skeletal muscle [30] . In ob/ob mice, the expression of both ADIPOR1 and ADIPOR2 is decreased in skeletal muscle and adipose tissues compared to control animals; this decrease is via insulin-mediated repression of the receptor expression through the PI3-kinase/Foxo1 pathway [31] . At the cellular level, it has been reported that growth hormone is able to stimulate the level of ADIPOR2 mRNA but not that of ADIPOR1 mRNA in 3T3-L1 adipocytes [25] . Our studies found that growth hormone was also able to slightly increase the transcription of ADIPOR2, but not ADIPOR1, in liver cells (Fig. 2) ; this further supports the regulatory role of growth hormone on the expression of adiponectin receptors in different cell types. Consistent with our observation, the PPARG agonist has been shown to upregulate the level of ADIPOR2 mRNA in macrophages [32] . Therefore, both these studies and our findings indicate that the expression of adiponectin receptors is regulated by different pathways in different cell types and that regulation is likely to be associated with the altered glucose and lipid metabolism in either type 2 diabetes or after treatment with anti-diabetic drugs.
It is noteworthy that the stimulatory effect of PPARG agonist on ADIPOR2 transcription that was observed is not directly through a classical PPAR-binding element in the promoter. Our serial deletion studies with the ADIPOR2 promoter indicated that rosiglitazone activates ADIPOR2 promoter through a conserved GR sequence. Deletion of the consensus GR sequence was able to abrogate the stimulatory effect of rosiglitazone on ADIPOR2 promoter. In addition, the GR agonist dexamethasone appeared to have an additive/synergistic effect with rosiglitazone on the transactivation of ADIPOR2 promoter. Furthermore, the GR antagonist RU486 was able to cancel the stimulatory effect of rosiglitazone on the ADIPOR2 promoter. Collectively, these data indicate a functional involvement of the GR element in the regulation of ADIPOR2 in liver cells. It has previously been reported that the PPARG agonist 15d-PGJ 2 is able to induce protein-protein interactions between PPARG and GR in TNF-α-treated human airway smooth muscle cells and such interactions are implicated in PPARG inhibition of the TNF-α-mediated production of eotaxin and monocyte chemotactic protein-1 [26] . In liver cells, rosiglitazone may induce a similar interaction between PPARG and GR, leading to transcriptional upregulation of ADIPOR2 expression. This is further supported by a recent report showing that the anti-inflammatory activity of the PPARG agonists rosiglitazone and ciglitazone is reversed by RU486 [33] . However, the detailed molecular mechanism underlying the regulation of ADIPOR2 transcription through functional interaction between PPARG and GR remains to be elucidated.
In conclusion, this is the first report that demonstrates the stimulatory effect of a PPARG agonist on the transcriptional regulation of ADIPOR2 in liver cells. It reveals a new paradigm that underlies the therapeutic effect of PPARG activators in the treatment of type 2 diabetes. The increased expression of ADIPOR2 is expected to lead to an increased sensitivity of liver cells to adiponectin and thereby to enhancement of the anti-diabetic activity of adiponectin.
